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XMM-Newton confirmation of a warm absorber in the z = 4.4 blazar 
PMN J0525-3343 
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ABSTRACT 

We present the analysis and results from a series of XMM-Newton observations of the distant 
blazar PMN J0525-3343 at a redshift of 4.4. The X-ray spectrum shows a spectral flattening 
below ~ 1 keV confirming earlier results from ASCA and BeppoSAX. The spectrum is well 
fitted by a power-law continuum with either a spectral break or absorption; no sharp features 
are apparent in the spectrum. No variability is seen in the individual lightcurves although there 
is evidence of small longer term variations (~ months in the blazar frame) in both flux and 
(0.1 — 2.4)/(2 — 10) keV flux ratio. Very low levels of optical-UV extinction and the lack 
of any evidence of a Lyman-limit system at the quasar redshift rule out neutral absorption 
and we argue that the most plausible explanation is the presence of a warm, ionized absorber. 
Very strong C IV absorption in the optical spectrum already implies the presence of highly 
ionized material along the line of sight. Warm absorber models using the photoionization 
code CLOUDY are consistent with both the X-ray and C IV data, yielding a column density 
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1 INTRODUCTION 

PMN 10525-3343 at z = 4.4 is one the the most di stant, X-ray 
bright, radio-loud quasars known iFabian et al]|2001bh . It is one 
of a handful of such objects that have characteristics typical of 
blazars with a spectral energy distribution showing peaks in the 
infra-red and 7-ray regimes, and displaying long-t erm vari ability 
jFabian et alJI 19971 1 199^ iMoran & Helfandll997t IZickgraf et alj 
ll997tlHook & McMahorl 19981) . 

PMN J0525-3343 shows spectral flattening at soft X-ray ener- 
gies, initially seen in observations made with ASCA and BeppoSAX 
I Fabia n et alj|2001fjl and now with XMM-Newton. Above 2 keV 
the continuum is well fitted by a power-law but this either breaks 
or is absorbed below ~ 1 keV. A similar effect has also been re- 
ported in the z = 4.72 and z = 4.28 blazars, GB 1428+4217 
Boiler et alj l200fi iFabian et alJ 12001 J) and RX J1028.6-0844 
Yuan et all hood) , respectively. If the soft X-ray deficit is at- 



tributed to cold absorption intrinsic to the objects then columns of 
10 22 - 10 23 cm 2 are required. It was not clear, however, if the 
effect is due to absorption or an underlying break in the continuum. 

Spectral flatte ning has been wi dely found in lower redshift 
radio-loud quasars. iFiore et all fT998) found a systematic decrease 
with redshift of the spectral slop e of soft X - ray em ission from 
radio-loud quasars out to z ~ 3.9. ICappi et alJ JT997) reported ev- 
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idence of absorption for 1.2 < z < 3.4 radio-lo ud quasars using 
ASCA observations and R eeves & Turned l200fj|) also found sys- 
tematic spectral flattening for ASCA sources out to a redshift of 
4.2. 

Absorption has been suggested as the likely explanation but 
the data quality has been insufficient to distinguish between an in- 
trinsic absorber at the source redshift or an absorption system along 
the line of sight. The latter is ruled out by statistical arguments (e.g. 
lO'Flahertv & JakobserJll997l) . The lack of the effect in z = 2 - 3 
radio-quiet quasars would tend to suggest an association with jet 
activity - either due to an intrinsic absorber associated with the jet 
or an underlying continuum effect. If the flattening is due to in- 
trinsic absorption there remains much speculation as to its nature. 
A number of the objects show low levels of UV-optical extinction 
that are inconsistent with such large columns of cold absorbing ma- 
terial and it has been suggested that the gas may be highly ionized 
iFabian et all2001bh . similar to the 'warm absorber' as is common 
in ma ny Seyfert galaxy nuclei fe.g. lRevnoldsll997llCrenshaw et alJ 
1999). 

Recent XMM-Newton observations iGrupe et all20 04) of the 
blazar RX J1028. 6-0844 found only marginal evidence for ex- 
cess absorpt ion, much less th an the high column density (2 x 
10 23 cm" 2 : lYuan et alj l200d) implied by the ASCA spectrum. 
We find that the soft X-ray flattening in PMN 10525-3343 and 
GB 1428+4217 as detected with ASCA-BeppoSAX and ROSAT- 
BeppoSAX, respectively, is reduced but robustly detected with 
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XMM-Newton observations (this work; Worsley et al., in prepara- 
tion). 

Alternatively, an underlying break in the continuum emission 
could explain the flattening; X-ray emission from powerful blazars 
is thought to be due to inverse Compton scattering by relativistic 
electrons in the jet plasma. The source photons for the scattering 
are supplied either by synchrotron emission from the same elec- 
tron population, or, from an external radiation field of soft photons 
emitted from the nucleus. A spectral break can be explained in ei- 
ther mechanism by a low-energy cut-off in the electron population, 
or, in the second process, by a sharp peak in the spectrum of the 
soft photon field. The association of the break with the jet activity 
naturally explains the lack of the flattening in radio-quiet quasars. 

Here we present the results of a series of XMM-Newton ob- 
servations of PMN J0525-3343. We confirm the spectral flatten- 
ing as detected in p revious ASCA and BeppoSAX measurements 
(Fabian et al. 2001b) and conclude that the most likely explanation 
is the presence of intrinsic warm absorption. 



2 IDENTIFICATION AND THE OPTICAL SPECTRUM 

PMN J0525-3343 was identified bv lHook & McMahori ll998t) in a 
program to identify radio-loud quasars at high redshift. The quasar 
was selected as a flat spectrum radio source, with a spectral index 
a = -0.1 in the Parkes-MIT-NRAO (PMN) Survey at 4850 MHz 
and the NRAO VLA Sky S urvey (NVSS) at 1.4 GHz IWright et alJ 
ll99dlCondonetalfl 998). X-ray detection was achieved with the 
ROSAT High Resolution Imager on 1998 March 4-6, follow-up ob- 
servations were made with ASCA on 1999 March 1-2 and Bep- 
poSAX on 2000 February 27-28. 

An optical spectrum in the range 4000 — 9000 A I P eroux et alJ 
l200ll) is discussed by iFabian et alJ i2001rj) . Strong emission 
lines are seen due to the Ly-a + Nv blend along with broad 
(11 500 km s" 1 FWHM) emission due to Civ. A deep Civ ab- 
sorption doublet (1548.195, 1550.770 A) is seen, redshifted by 
2700 km s" 1 with respect to the peak of emission (Fig. 0. Ab- 
sorption is also seen due to Si IV, N V and Ly-a. The absence of 
an optically-thick Lyman-limit system at the quasar redshift indi- 
cates that A^hi < 3 x 10 17 cm" 2 . This constraint, together with 
the Lyman-Q absorption line strength indicates the Doppler param- 
eter, 6, has to be at least 40 km s~ _1 iFabian et al J2 00 lb). We have 
fitted here the C IV absorption lines and find Doppler parameters of 
b — 156 ± 26 km s" 1 and b — 143 ± 29 km s" 1 respectively, sug- 
gesting an upper limit of 6 ~ 182 km s . The rest frame equiv- 
alent widths of 3.52 ± 0.60 A and 3.16 ± 0.65 A yield the col- 
umn density in C IV from a curve of growth analysis. Fig.|2|shows 
the confidence limits on the column density and b parameter. Even 
given the upper and lower limits on the b parameter the column is 
relatively unconstrained at ~ 10 15 " 18 cm -2 . 



3 X-RAY OBSERVATIONS 

XMM-Newton observed PMN J0525-3343 on 2001 February 11 
and again on 2001 September 15. The first observation was badly 
affected by background flaring but the second obtained good data. 
These results indicated significant differences from the ASCA- 
BeppoSAX spectra. This prompted us to apply for future observa- 
tions to search for variability and a series of six more were made 
between 2003 February 14 and 2003 August 8. All observations 
were made in full frame imaging mode with the thin 1 filter. 
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Figure 1. Optical spectrum showing the peak of the C IV emission line and 
redshifted absorption doublet. Produced from data obtained by Pero ux et alJ 
1200 ll) . 




50 100 150 200 

line width (b parameter; km s l ) 



Figure 2. Confidence plot of the C IV column density and Doppler b pa- 
rameter, 68, 90 and 99 per cent confidence regions are indicated. Doppler b 
parameter lower and upper limits are those implied by the Ly-a absorption 
line strength and the C IV absorption line widths. 

The EPIC data reduction was performed with the Scientific 
Analysis Software (SAS) V5.4.1. Periods of background flaring 
were excluded and the data were filtered in the standard way to 
include only the recommended event pat terns for spectral analysis 
and to exclude events from 'bad' pixels tehle et all2003» . TableQ 
shows the details of the observations. Background-corrected spec- 
tra were obtained from the observations, grouped to a min imum of 
20 co unts in each bin and analysed using XSPEC Vll.2 lArnaudl 
1996). 

Spectral fitting to a simple power-law, modified only by galac- 
tic absorption (jV H = 2.21 x 10 20 cm" 2 : blvis et aljfl994l) was 
made over the full energy range of 0.3 — 12 keV to the data from 
the PN and MOS cameras simultaneously. The fit was poor (with a 
reduced chi-squared of \v = 1-109; v — 1913) with highly curved 
residuals. Good fits, however, were made over the energy range 
2 — 12 kcV. If the power-law photon index T is allowed to vary in 
the 2—12 keV range between data sets then we have xl = 1-013 
(v — 629) with values of F varying from 1.64 to 1.74. Requir- 
ing the same value of V for all observations also results in a good 
2 - 12keV fit, with V = 1.67 ± 0.03 (xl = 1.007; v = 635). 

The background-corrected spectrum from revolution 216 was 
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Table 1. Details of XMM-Newton observations. 



Revolution Date 2 — lOkcVFlux Good Exposure Times (s) Total 0.3 — 12 kcV Counts 







(10 13 erg cm 2 s 1 ) 


PN 


MOS-1 


MOS-2 


PN 


MOS-1 


MOS-2 


216 


2001 Feb 11 


7.0 


2132 


2890 


2673 


843 


273 


265 


324 


2001 Sep 15 


9.0 


14602 


18991 


19986 


5995 


2399 


2571 


583 


2003 Feb 02 


9.2 


8532 


11534 


10871 


3476 


1482 


1456 


588 


2003 Feb 24 


9.5 


8263 


10824 


10528 


3438 


1414 


1412 


593 


2003 Mar 06 


10.1 


6953 


9001 


8795 


3131 


1237 


1171 


598 


2003 Mar 16 


10.4 


5639 


6467 


6269 


2541 


825 


863 


603 


2003 Mar 25 


10.3 


6104 


5881 


5877 


3099 


759 


754 


671 


2003 Aug 08 


10.8 


8039 


9127 


8522 


4166 


1521 


1269 



in 




observed energy (keV) 



Figure 3. Ratio of data to a simple T = 1.67 power-law (including Galactic 
absorption of 7V"h = 2.21 X 10 20 cm -2 ; fitted over the 2 - 12 keV range), 
clearly showing the spectral break. The points are the combined spectra 
from revolutions 324-671 showing the PN (black crosses), MOS-1 (black 
diamonds) and MOS-2 (grey diamonds). 



very poor, particularly in the softer energies, and was excluded 
from further analysis. The revolution 324 observation had a 
2 - lOkeV flux of 9.0 x 1CT 13 erg cm" 2 s" 1 . During the last 
six observations the flux increases steadily from 9.2 — 10.8 x 
10~ 13 erg cm -2 s -1 over a period of ~ 1 month in the source 
frame (the error on the flux measurement in a single observa- 
tion is ~ 0.4 x 10 -13 erg cm -2 s _1 ). For comparison the ASCA 
2 — lOkeV flux was 12 x 10 -13 erg cm~ 2 s -1 . No statistically sig- 
nificant variability is present in any of the individual lightcurves. 

The 0.1 — 2.4 keV flux increases from 5.4 x 
10" 13 erg cm -2 s" 1 (revolution 324) to 5.7 - 6.5 x 
10 -13 erg cm -2 s _1 over the last six observations (flux errors are 
typically ~ 0.3 x 10 -13 erg cm -2 s _1 ). These can be compared 
to the ASCA and BeppoSAX values of 5.2 x 10~ 13 erg cm -2 s" 1 
and 3.3 x 10~ 13 ergcm~ 2 s^ 1 respectively. The earlier ROSAT 
count rate corresponds to a value of 4.2 x 10 -13 erg cm -2 s _1 
(assuming the soft energy photon index measured by ASCA- 
BeppoSAX). 

Fig.|3]shows the ratio of data to the Y — 1.67 fitted power-law 
(including Galactic absorption) as observed. Spectral flattening be- 
comes apparent at low energies, with a clear break at ~ 1 keV and 
the data/model ratio falling to ~ 0.5 for the softest energies. There 
appears to be little or no variation in spectral shape between the ob- 
servations so the PN data from the different revolutions were com- 
bined together in the hope of detecting any features in the spectrum. 
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Figure 4. The combined PN camera data of revolutions 324-671. The 
spectrum is plotted as a ratio to the 2 — 12 keV fitted power-law (inclu- 
sive of Galactic absorption). The energies are adjusted to the rest frame 
of the blazar (the observed frame range covered is identical to that in fig- 
ure 131. Overlaid is the most consistent warm absorption model prediction 
(£ = 10 erg cm s _1 ; Nu = 10 22 ' 4 cm -2 ). Fe Ka emission is respon- 
sible for the feature at 6.4 keV. It will be negligible if the warm absorber 
subtends a small solid angle at the source. The drop predicted due to ab- 
sorption by iron is at 7.5 keV with an optical depth r ~ 0.02. 



Fig.|Ushows the results (in the rest energy frame of the blazar). A 
break from the power-law occurs sharply at just below ~ 5 keV. 
An emission-line-like feature seems to stand out at ~ 4.5 keV with 
a possible dip and/or another peak at around ~ 4keV. None of 
these correspond to any known spectral features or instrumental 
artefacts and given the number of data points we do not consider 
them statistically significant. The MOS camera spectra (Fig. [3} do 
not corroborate any potential features. Upper limits on the detec- 
tion of iron K have been estimated using the absorption edge above 
7.1 keV. This has an optical depth of < 0.07 (corresponding to 
a column density of < 10 17 ' 6 cm -2 ) while the Ka emission line 
(6.40 keV) has an equivalent width < 13 eV. 

We considered a number of different models to take account 
of the the soft X-ray spectral flattening. The results are summarised 
in Table [2] All three models (broken power-law, power-law plus 
free local absorption and power-law plus free intrinsic absorption) 
produced statistically acceptable fits with no obvious irregularities 
in the residuals. The best-fitting models have improvements in chi- 
squared of between 164 (intrinsic warm/cold absorption) and 152 
(broken power-law) when compared to the simple power-law (over 
the 0.3 - 12 keV) range. 
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Table 2. Results of the spectral fits. The 1-sigma error is shown for one parameter. The fits were made jointly to the PN and MOS data from all observations, 
over the range 0.3 — 12 keV. Source fluxes were allowed to vary between observations but all other model parameters were fitted jointly. 



Model 


local JV H 


intrinsic 7V"h 




-^brcak 


r 2 


A.;./ 


V 




(10 20 cm- 2 ) 


(10 20 cm" 2 ) 




(keV) 








Simple power-law 


2.21 (Galactic) 









1.53 ±0.02 


1.109 


1913 


Broken power-law 


2.21 (Galactic) 





1.2 ±0.2 


0.84 ±0.07 


1.61 ±0.03 


1.031 


1911 


power-law, free local absorption 


5.9 ±0.4 









1.67 ±0.02 


1.026 


1912 


power-law, free intrinsic absorption 


2.21 (Galactic) 


134 ± 13 






1.64 ±0.02 


1.024 


1912 



The fits show significant variation from the ASCA-BeppoSAX 
observations which found local/intrinsic total absorption columns 
of 20/1800 x 10 20 cm" 2 , compared to the 5.9/130 x 10 20 cm -2 
found here. The broken power-law fits to the ASCA-BeppoSAX 
spectra also point to a stronger soft energy flattening; they require a 
break at a higher energy (1.72 keV) and to a flatter photon index (~ 
0.9). The ratio of the ASCA-BeppoSAX (2 - 10)/(0.1 - 2.4) keV 
flux is ~ 2.3 compared to ~ 1.7 for the XMM-Newton data. The 
ASCA-BeppoSAX observations show a 2 — 10 keV photon index of 
r = 1.47—1.68 (broken power-law model; 90 per cent confidence) 
which is consistent with that found here (r = 1.67). 

To summarise, there is no evidence for variation in the spec- 
tral slope of the hard X-ray emission from either the XMM-Newton 
or earlier observations. The 2 — 10 keV flux would appear to vary 
on ~ 6 month time-scales (~ 1 month in the blazar frame) with 
amplitudes ~ 10 — 20 per cent. The 0.1 — 2.4 keV flux also varies 
but the soft X-ray deficit appears to have lessened in the 1/2 years 
(~ 2/4 months in the blazar frame) between the BeppoSAX-XMM- 
Newton and ASCA-XMM-Newton observations, characterised by a 
drop in the intrinsic cold absorber column by an order of magni- 
tude. 



4 DISCUSSION 

The four main potential explanations of the soft X-ray deficit will 
be examined in turn. Only two of the four scenarios (a break in 
the continuum or a warm absorber) appear to be self-consistent, the 
excess intergalactic and cold intrinsic absorber models both appear 
to be contradicted by other results. 



4.1 Break in the Underlying Power-Law 

An acceptable fit to the data can be obtained by simply allowing 
a break in the underlying power-law. The best fit was found with 
a break occurring at inbreak = 0.84 keV where the photon index 
hardens from 1.61 to 1.2 in the soft X-ray band. 

The spectral energy distribution (SED) of blazars is composed 
of two components; beamed synchrotron emission (peaking in the 
infra-red to soft X-ray regime) and a high-energy component (peak- 
ing in the X-ray up to 7-ray regime), see e.g. lFossati et alj il998t) . 
The likely mechanism for the production of high energy photons 
is the inverse Comptonization of relat ively soft ' seed' photons, by 
relativistic electrons in the jet 1 Si kora et alll994h . The two sources 
for the seed photons are either the locally produced synchrotron 
emission, or an intense photon field (typically optical/UV) external 
to the jet, probably radiated from the accretion disc and reprocessed 
by circumnuclear gas. For the brightest blazars (as in PMN J0525- 
3343) the latter, the so-called EC (external Compton) mechanism, 



is thought to dominate over the former, the so-called SSC (syn- 
chrotron self-Compton) mechanism. 

Spectral breaks have been observed before in X-rays: Concave 
spectra arise when the observed band spans the steep synchrotron 
cut-off (r > 2 — 3) before the flat inverse Compton component 
dominates with Y ~ 1.5 — 1.8. A convex spectrum occurs when the 
band is dominated by the synchrotron component, the synchrotron 
rise-peak-cutoff leading to a gradual steepening of the spectral 
slope (from as flat as T ~ 1.5 through the peak at Y ~ 2 and 
into the cut-off with Y > 2 - 3 or more). PMN J0525-3343 shows 
a convex spectrum with a very flat soft X-ray slope (r ~ 1.2). 
However, the high energy photon index (r ~ 1.6 — 1.7) is still far 
too flat to be the synchrotron peak/cut-off. The sharply-flattening 
convex spectrum is not explicable through any known combination 
of blazar emission components. 

As the hard X-rays observed are compatible with being due 
to inverse Compton emission, a flattening of the spectrum can be 
explained by a low-energy cut-off in the electron population of the 
jet. A cut-off can theoretically produce a maximum flattening to a 
photon index of up to Y ~ (Fabian et al. 2001b) and is therefore 
not inconsistent with the observations here. It would, however, be 
very difficult to reproduce such a sharp break (the break is very dis- 
tinct and occurs over an energy span < 5 keV in the source frame) 
without a highly energy dependent (and unknown) re-acceleration 
process. Further difficulties arise because there is no reported evi- 
dence of any breaks in nearby radio-loud quasars. 

An alternative explanation (applicable only to the inverse 
Compton emission due to the EC scenario, as is believed to be 
the case here) requires the seed photon distribution to be sharply 
peake d at or d ecrease rapidly below a certain frequency (e.g. 
lGhisellinilll99r3) . This mechanism may only be important in the 
more distant (brighter) radio-loud quasars where the EC emission 
may dominate over the SSC, hence the lack of an observable break 
in nearby (weaker) object where the SSC emission could mask the 
EC spectral decline. As with the alternative mechanism it remains 
far from clear how to account for the sharpness of the break, even 
considering the fact that we only see EC photons scattered in a 
small range of angles. In summary, while we cannot eliminate the 
broken power-law possibility we consider it very unlikely. 

4.2 Excess Cold Galactic/Intergalactic Absorption 

The flattening can be accounted for by line of sight absorption 
by cold material with a column of approximately Ah ~ 3.7 x 
10 20 cm~ 2 (in addition to the Galactic level). It is very unlikely 
that such a large column, localised in the direction of PMN 10525- 
3343, could be attributable to some kind of Galactic feature, partic- 
ularly given the large mass of material which would be implied. 

Intergalactic absorption systems remain a possibility, in par- 
ticular damped Ly-a systems (DLAs), which can have neutral hy- 
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drogen columns of up to several times 10 21 cm -2 . In order to re- 
produce the observed absorption the line of sight to the quasar 
would need to intercept one or m ore very high column d ensity 
DLAs of which th e chances are low l O'Flaherty & Jakobsen 1997; 
IZwaanetalJll999l) . Such an explanation, although it cannot be 
ruled out, is undermined further by the fact that the soft X-ray flat- 
tening has been observed in several other high-z quasars and has 
not been seen in z — 2 — 3 radio-quiet quasars. 

4.3 Intrinsic Cold Absorption 

For a cold absorber to be viable it must be intrinsic to the source, 
perhaps arising as the result of some kind of outflow after the initial 
formation of the central black hole or just because the host galaxy 
is young and gas-rich. 

An intrinsic cold absorber at the source resulted in an accept- 
able fit to the X-ray data, requiring a column in neutral hydrogen 
of approximately 1.3 x 10 22 cm -2 (Table|2j. Such a large amount 
of obscuring material is completely at odds with the optical obser- 
vations which imply a column of < 3 x 10 17 cm" 2 ( based upon 
the lack of a Lyman-limit absorption system: iFabian et all2001bl) . 
Supersolar metal abundances would appear to unable to account for 
the factor of ~ 10 J difference required for JVhi. Moreover, the dust 
in any such column of cold material would be expected to provide 
strong UV extinction, contrary to observation. 

4.4 Warm Absorption 

A warm (ionized) absorber is able to reproduce both the high X-ray 
and low optical/UV column densities. Photoionized gas could pro- 
duce significant photoelectric absorption in the soft X-ray regime. 
It is likely any dust present in the nuclear regions would have been 
sublimated by the high source flux or high temperatures, resulting 
in very low absorption in the optical/UV band. 

The optical spectrum shows strong C IV absorption and, whilst 
the nature of the absorption is unclear, it is still evidence for large 
quantities of highly ionized material. Indeed, strong C IV features 
are common in the spectra of Seyfert galaxy nuclei that have X-ray 
warm absorbers l Crenshaw et al. 1999). 

We constructed warm absorber spectral models using the pho- 
toionization code CLOUDY lFerrandetaHT 998). We varied the un- 
derlying power-law photon index T, the column density TVh and 
the ionization parameter £ = L2~io/nR 2 (L2-10 is the inferred 
isotropic luminosity in the 2 — 10 keV rest frame of the blazar, n 
and R are the absorber density and the distance from the source 
respectively). 

A grid of spectra were calculated by varying the ionization pa- 
rameter, column density and photon index. Solar abundances have 
been assumed. Assuming no spectral break intrinsic to the source 
the inferred isotropic luminosity, in the 2 — 10 keV blazar frame, is 
L2-10 ~ 1 x 10 47 ergs-\ 

Spectral fits were made to the X-ray spectra. Fig. [5] shows 
the confidence regions for the warm absorber ionization parame- 
ter and column density with a power-law index of T = 1.64. The 
best fit is at log(£ / erg cm s _1 ) = 0.2 and log(iVH / cm -2 ) = 
22.3 but the confidence contours clearly show it was impos- 
sible to successfully constrain the parameters. The data is en- 
tirely consistent with a warm absorber scenario provided that 
log(£ / erg cm s _1 ) > 0.8 (for a column of 10 22 ' 3 cm -2 ) so 
that the Hi edge has an optical depth r < 1. In this case the 
warm absorber must have log (£ / erg cms -1 ) ~ 0.8 — 1.2 
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Figure 5. Confidence plot for the ionization parameter and column density 
of the warm absorber model. 68, 90 and 99 per cent confidence contours are 
indicated. 

and log (TVh / cm -2 ) = 22.3 — 22.5. These models predict 
Civ column densities 10 14 ' 5-18 ' 4 cm -2 , consistent with the ~ 
10 lo ~ 18 cm -2 implied by the equivalent width of Civ line ob- 
served in the optical data. The fit of a £ = 10 erg cm s _1 TVh = 
10 22 ' 4 cm -2 warm absorber model to the soft X-ray flattening is 
shown in Fig.|4] The mass of the absorber is ~ 3 x 10 9 R^ pc O.Mq, 
where fi is the solid angle subtended by the absorber at the source. 

We note the UV absorbers seen in Seyfert galaxies are 
not the same matter giving rise to the X-ray absorption (e.g. 
ICrenshaw et"aTT 2003). but are probably dense clouds. Higher reso- 
lution spectra of the UV absorption in PMN J0525-3343 is required 
to determine whether it too is due to separate clouds at different ve- 
locities, or to a smooth flow. 

It is unfortunate to note that the observed X-ray spectra con- 
tain no definite warm absorber signatures e.g. neutral or slightly 
ionized iron edges, which should occur at observed energies in the 
1 — 2 keV range. Given the estimated column and ionization pa- 
rameter the photoionization models do predict various absorption 
edges, principally due to oxygen and neon species, but these are in 
the ~ 0.1 — 0.25 keV range, redshifted out of the observed band. 
The continuum should recover below the oxygen absorption edge 
at 0.135 keV (our frame) which would be a convincing test of the 
warm absorber model. The MOS data are consistent with such a 
recovery but the calibration here is so uncertain that further work is 
required. 



5 CONCLUSIONS 

We have investigated the X-ray spectrum of the high redshift blazar 
PMN J0525-3343 with the XMM-Newton observatory. We confirm 
the presence of significant soft X-ray spectral flattening, as previ- 
ously detected in ROSAT, ASCA and BeppoSAX observations. The 
flattening can be explained by either excess absorption (either in- 
tergalactic or intrinsic to the source) or by an underlying break in 
the expected continuum emission (of a type not seen before). Opti- 
cal observations, statistical arguments and the lack of any effect in 
radio-quiet quasars makes any kind of cold absorber seem unlikely 
- the most plausible explanations remain either a highly ionized 
warm absorber at the source, or, a spectral break. 

A low energy cut-off in the emitting particle distribution re- 
sponsible for the blazar inverse Compton emission could be a po- 
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tential mechanism for the spectral break - any such a cut-off would 
have significant importance in our knowledge of jet physics. The 
difficulty in this explanation is the lack of the effect in nearby 
radio-loud quasars, which show no evidence of a similar spectral 
break (which should be readily detectable at what would be ener- 
gies ~ 5 kcV). An alternative, which would apply to the external 
Compton (EC) mechanism (as is believed to be important in very 
bright blazars such as PMN J0525-3343), attributes the flattening 
to a highly peaked seed photon distribution. Neither process how- 
ever, is able to easily account for the sharpness of the spectral break 
observed in PMN J0525-3343 which occurs over a source frame 
energy range of less than 5 keV. 

The presence of strong C IV absorption, the lack of a Lyman- 
limit absorption system in the observed optical spectrum and low 
levels of UV reddening makes us favour a warm absorption model. 
Warm absorbers are a common feature of many observed Seyfert 
galaxies, where high (~ io 21 ~ 23 cnf 2 ) column densities of highly 
ionized material reside close to the nucleus. We find the X-ray flat- 
tening is entirely consistent with a column ~ 10 cm 
of gas with an ionization parameter ~ cr g cm g - ^he 

equivalent width of the absorption implies C IV column densities in 
the range ~ 10 15 ~ 18 cm~ 2 , in agreement with the X-ray predicted 
10 14 ' 5-18 ' 4 cm~ 2 . A warm absorber also enables Ly-a and UV 
emission from the nucleus to be readily detectable. Further work 
on the C IV absorber is required to refine the properties of the ab- 
sorbing column. 
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